Poly-A mRNA from Xenopus laevis oocytes, partially enriched for r-protein coding capacity has been used as starting material for preparing a cDNA bank in plasmid pBR322. The clones containing sequences specific for r-proteins have been selected by translation of the complementary mRNAs. Clones for six different r-proteins have been identified and utilized as probes for studying their genomic organization. Two gene copies per haploid genome were found for r-proteins LI, L14, S19, and four-five for protein SI, S8 and L32. Moreover a population polymorphism has been observed for the genomic regions containing sequences for r-protein SI, S8 and L14.
INTRODUCTION
The eukaryotic ribosome biosynthesis is a complex process involving the coregulated expression of the two sets of genes for the structural components of the ribosome: rRNA genes and r-protein genes. While much information has been accumulated regarding the structure and expression of the rRNA genes, very little is known about the protein counterpart. To approach the study of the structure, organization and expression of r-protein genes in eukaryotes, we had first to prepare the suitable probes. This did not seem a simple task to realize because the r-protein mRNA consists of a heterogenous class of about 70 different sequences not highly represented in the cell. The X. laevis oocyte seemed to us a promising system from which to obtain an mRNA preparation fairly rich in sequences specific for r-proteins. In fact in consideration of the massive synthesis of ribosomes during oocyte growth one would have expected high levels of r-protein mRNA, probably more than in somatic tissues. Moreover the X. laevis oocyte together with the early embryonic developmental stages are interesting systems for studying the regulation of the synthesis of the ribosome components. In a previous work (1) we characterized such an mRNA fraction from X. laevis oocytes enriched for r-protein coding capacity. In the present paper we report the construction of recombinant plasmids containing cDNA to the above mentioned mRNA fraction and the selection of clones containing sequences for six r-proteins. The screening of the cloned sequences was carried out by the electrophoretic analysis of the proteins directed in vitro by the mRNA hybridized to each of them. Using these recombinant plasmids as probes it has been shown that in the X. laevis genome the r-protein genes are present in few copies (two to five per haploid genome) and that some of them are found in restriction fragments variable in the X. laevis population.
Recently the isolation and preliminary characterization of recombinant DNA molecules containing r-protein genes have been reported for yeast (2) , Drosophila (3) and mouse (4) .
MATERIALS AND METHODS
mRNA preparation mRNA was prepared and fractionated as previously described (1) .
Synthesis of double stranded DNA complementary to mRNA Single stranded DNA complementary to the mRNA preparation was synthesized essentially as described by Efstradiatis (5) . Synthesis of the second strand was performed in 0. 1 2 M potassium phosphate pH 6.8, lOmM
MgCl , lOmM DTT, 200 .uM dGTP dATP dTTP, 180 ,uM dCTP, 2 nanomoles of ^H-dCTP (Amersham) and 50 units of E.coli polymerase I with a final yield of 95% after 6 h incubation at 15"C.
The product was isolated by Sephadex G75 gel filtration and concentrated by ethanol precipitation. Double stranded cDNA was resuspended in 0. 2 M NaCl, 50mM Na-acetate pH 4.6, 1 mM ZnSO 4 > 150 .ug/ml of 4S RNA and was digested with SI nuclease to hydrolize the hairpin loop connecting the two strands. After 30 min incubation at 37°C the mixture was phenol-chloroform extracted and sedimented through 5-20% sucrose gradient i n O . l M NaCl, lOmM Tris-HCl pH 7. 5, lmM EDTA at 30, 000 rpm for 16 h at 20°C in a Spinco SW 41 rotor. Material sedimenting more than 6S were collected and ethanol precipitated. 
T ransf ormation
Recombinant DNA was used to transform the E. coli K-12 strain HB101 essentially as previously described (6) .
The mixture containing the transformed bacteria was plated on ampicillin plates (50 .ug/ml) and the resistant colonies were picked onto Millipore filters (HAW604700) for the colony hybridization according to Grunstein and Hogness (7).
Colony hybridization
Colony hybridization was carried out in 2XSSC, 0.2% SDS, 10 .ug/ml 5 32 E. coli 4S RNAat65"Cfor 12 hin the presence of 5X10 cpm/ml of P-cDNA (specific activity 50 x 10 cpm/ .ug). The hybridization was performed in plastic bottles rotating in a 65°C incubator allowing the utilization of very small volumes of hybridization mixture.
Recombinant plasmid purification
Plasmid purification was performed with the acidic phenol extraction essentially as described by Zasloff et al (8) . Cells were suspended in saline EDTA (0.1MEDTA, 0. 1 5M NaCl pH 7. 8) + 25% sucrose and lysed with 2 mg/ml Lysozyme at 0° for 15 min. Sodium-N-laurylsarcosinate to 0. 2% was added and the lysate incubated at 60° for 15 min. The samples were diluted and made 1M in NaCl and extracted twice with pH 7. 5 saturated phenol-chloroform (2:1) and once with chloroform-isoamylic alcohol (24:1).
Ethanol precipitated DNA was collected on glass rods, dissolved in water and brought to 75 mM NaCl and 50 mM Na-acetate pH 4.0. In recent experiments we directly spotted on 4 X 8 cm Millipore filters 32 different recombinant plasmid native DNAs; denaturation and neutralization were performed in situ according to the methods used for colony or plaque hybridization. After hybridization and washings the filters were cut in the 32 parts and the RNAs singularly eluted as above described. We found that 4 .ug of DNA spotted on the filters were still sufficient to give good r esults on the positive translation analysis.
In vitro translation and analysis of products mRNAs eluted from filters were translated in a rabbit reticulocite lysate system (NEN translation kit) containing S-methionine (1000 Ci/mmole).
RNA was dissolved in 12. 5 .ul incubation mixture and incubation was carried out for 60 min at 33°C. Stimulation above the endogenous synthesis was not detectable. After incubation samples were extracted with 66%-acetic acid and analyzed on a two dimensional acrylamide gel electrophoresis as previously described (1). Purified X.laevis ribosomal protein markers (100 .ug) were added to each sample before electrophoresis. Usually 2/3 of the incubation mixture were loaded on the 1st dimension gel. Gels were stained, destained and fluorographed either in a DMSO-PPO mixture according to Laskey (9) or in 8 volumes of 1 M sodium salicilate solution shaking for 1 h. Dried gels were exposed to preflashed Kodak-X-Omat films at -70°C.
Peptide mapping
For analysis of peptides.acid extracts of in vitro synthesized r-proteins were loaded on preparative two dimensional gels together with 1 mg of purified r-protein markers. The stained spots,containing the S in vitro synthesized products were punched out from the gel,equilibrated for 15 min and placed in wells of a 17% acrylamide SDS gel for digestion with Staffilococcus aureus V8 protease (14) . After staining,gels were fluorographed as described above.
Restriction endonuclease digestion and electrophoresis of DNA X.laevis DNA was extracted from erythrocytes of single individuals and purified by CsCl density gradient centrifugation.
Restriction endonucleases were either purchased from Boehringer (EcoRI, Hind III) or prepared in our lab (BamHI, PstI, Bspl, Bgl II). The digestions were performed at 37°C with the appropriate amount of enzyme necessary to achieve complete digestion at a DNA concentration of 200 .ug /ml. The digested DNA was run on a 1% agarose gel in Loening buffer (10) for 14 h at 40 volts. The gels were stained with ethidium bromide and photographed under UV lamp through a red filter; the DNA was transferred to nitrocellulose paper essentially as described by Southern (11).
For preparative purification of the inserted sequences from the recombinant plasmids.the EcoRI digested DNA was electrophoresedon4% acrylamide gel for 3 h at 150 volts. After ethidium bromide staining the lower molecular weight band was cut and the DNA eluted.
DNA labelling DNA was radioactively labelled in vitro by nick translation (12) to Specific activities in the order of 1 0 cpm/,ug.
Radioactive cDNA complementary to mRNA was synthesized according to Efstradiatis (5) in the presence of a P-dATP to specific activities of 2-5 x 10 cpm/ .ug.
DNA hybridization
For DNA-DNA hybridization the filters were preincubated 3-6 h in Denhardt's medium (0.02% each Ficoll, Polyvinylpirrolidone, BSA in 2XSSC) at 65°C. The hybridizations were performed in rolling bottles at 68°C in 2XSSC, 0. 2% SDS, 10 ,ug/ml of E. coli4SRNA for 1 5 h. At the end of the incubation the filters were washed for 30 min at 68 °C in 2XSSC
and 2 h at 54 °C in 0. 1XSSC. Filters were exposed to preflashed Kodak X-Omat films at -70°C.
RESULTS
Isolation of a poly(A) RNA fraction enriched for r-protein mRNA
In a previous paper (1) we showed that the poly(A) RNA prepared from X. laevis oocytes (stage II and III) has a good template activity for r-pro-
teins. This activity was tested both in wheat germ and rabbit reticulocyte lysates; r-proteins were identified among radioactive products on the basis of comigration with purified markers ( In the present work the rabbit reticulocyte has been preferred to the wheat germ lysate because there is no background due to endogenous synthesis in the gel region where r-proteins migrate. This is an important condition for the detection of faint signals expected in the positive translation procedure.
Cloning of the DNA complementary to the rpe-mRNA
Single stranded DNA complementary to the rpe-mRNA fraction was synthesized with AMV reverse trascriptase using oligo-dT as primer. cDNA was converted to its duplex form with E. coli pol-I and SI nuclease was used to open the terminal hairpin loop and to degrade any single stranded DNA.
To allow for the reversible insertion into a bacterial plasmid the dscDNA was given sticky ends by enzymatic blunt end ligation to chemically synthesized EcoRI linkers and subsequent cleavage with the same enzyme.
The DNA was then inserted into the EcoRI site of plasmid pBR322 previously treated with bacterial alkaline phosphatase to remove the 5 1 terminal phosphate group.
These hybrid molecules were used to transform E. coli HblOl and the transformed clones were selected on ampicillin plates.
Among the resistant colonies those containing sequences complemen- Figure 2 . Two dimensional analysis of radioactive products coded by: a) rpe-mRNA, b) no mRNA added, c-h) mRNA hybridized to recombinant plasmid pXom 62, 69, 78, 91, 92, 102. The large spot present in b to h is globin from residual endogenous synthesis of the reticulocyte system.
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tary to the rpe-mRNA preparation were selected by colony hybridization to P-cDNA. In this way we selected 127 recombinant clones (pXom 1-127).
All of them were individually grown and the plasmids purified. The size of the inserted fragments was analyzed by EcoRI digestion. The average lenght of the insertions is about 450 bp with values ranging from 150 to 1100 bp.
Selection of clones containing sequences specific for r-proteins
Among the methods used for clone selection some involve the identification of the translation products encoded by the mRNAs either hybridized (positive translation) or not hybridized (negative translation) to single clone DNA. In our case, where the mRNA for each r-protein is not abundant, the negative translation has shown to be not suitable. In fact the hybridization kinetics, the translation efficency variability and the intrinsic complexity of the mRNA population do not allow an unambiguous interpretation of the two dimensional gel electrophoresis. In consideration of all these facts a positive method seemed to be more reliable for our purpose.
Recombinant DNA from each clone was bound to Millipore filters and incubated with rpe-mRNA in conditions which allow hybridization also of low abundance mRNA species with minimal degradation of RNA. The se-1 ectively bound mRNA molecules were eluted from filters and translated in a reticulocyte cell free system. The products, after acid extraction, were analyzed on a two-dimensional gel electrophoresis. In order to be able to identify the synthesized products, non radioactive r-protein markers were added before electrophoresis. The majority of the 127 clones analyzed in such a way didn't give any radioactive spot besides the background due to endogenous synthesis. This was expected since the electrophoretic method is such to exclude some acidic products from entering the first dimension gel. Moreover some cloned sequences are expected to hybridize to rare mRNA with a reassociation kinetics too slow to give hybridized mRNA sufficient to direct the synthesis of a detectable product;
proteins lacking methionine are also overlooked by this screening. 24 clones gave a positive result, namely a clear radioactive spot not due to endogenous synthesis. They were all checked at least twice with reproduci-ble results. Out of the 24, 13 clones hybridized to mRNAs coding for products other than r-proteins. They were present among the translation products of the rpe-mRNA fraction but remain at the moment mostly unidentified. Only one of these clones (pXom 32) has been identified: it containes sequences corresponding to histone H3 as demonstrated by running the two dimensional electrophoresis with Xenopus histones as non radioactive markers. As summarized in (14) of the in vitro translation products and the corresponding r-protein markers (Fig. 3) .
Copy number of r-protein genes
We used the selected clones to study the frequency with which r-protein genes are present in the X.laevis genome. For this purpose we followed two different approaches. pXom 62 and pXom 69 have been used as a probe in a Cot analysis of genomic DNA. Trace amount of highly radioactive inserted sequences from the clones have been added to a great excess of DNA purified from X.laevis erytrocytes. As shown in Fig. 4 while genomic DNA has a complex reassociation profile including highly, middle repetitive and unique sequences, the radioactive trace is driven to reassociation by Table 1 . (Fig. 6 ). At variance with the genes for protein SI 9 those for L14 appear to be located on genomic regions which differ in different individuals (Fig. 7) . Similar heterogeneity has been found for SI and S8 and not for LI and L32 genes (not shown).
In a calibration experiment (Fig. 8a) we compared the intensity of the two Hindlll bands with that of an internal standard of hybridization reaching the conclusion that each band corresponds to two genes per haploid genome.
Two genes per haploid genome have been found also for r-proteins LI, L14
(pXom 102, 92). The gene copy number for proteins S8 (pXom 62) is higher than two. As shown in Fig. 8b, comparing 
DISCUSSION
In a previous work we characterized an mRNA fraction (rpe-mRNA) from X.laevis oocytes, enriched for r-proteins coding capacity (1) . In the present paper we report the cloning in pBR322 of cDNA to the rpe-rr.RNA, the selection of 11 clones containing sequences specific for six different and identified r-proteins and the use of these clones as probes in some experiments designed to obtain information about the structure and organization of the corresponding genes in the X.laevis genome. The analysis of the organization of these sequences in the genomic DNA has shown that they are present in very few copies, namely two copies for LI, L14.S19 and four-five copies for L32, SI and S8. Furthermore we found that some of these sequences (SI, S8, L14) are present in genomic regions On leave of absence from the Biology Department of Wuhan Teacher's College, China.
